Rb2/p130, a member of the Retinoblastoma family of growth and tumour suppressor genes, is extensively implicated in the control of cell cycle and dierentiation. The minimal promoter region of Rb2/p130 in T98G human glioblastoma cells was identi®ed and its analysis revealed the presence of a KER1 palindromic sequence able to bind the transcription factor AP-2, a regulatory protein that plays a crucial role in ectodermal dierentiation. This KER1 site interacted in vitro with AP-2, and AP-2 overexpression increased Rb2/p130 transcription and translation. We also found that rat PC12 pheochromocytoma cells, when induced to dierentiate by NGF, displayed an increase of AP-2 protein levels and of Rb2/p130 transcription and protein levels. AP-2-transfected PC12 cells displayed enhanced transcription and translation of Rb2/p130 and of the cdk inhibitor p21
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Introduction
The retinoblastoma (RB) gene, the prototype of oncosuppressors, is the founder of the RB gene family, also composed of p107 and Rb2/p130 (Riley et al., 1994; Paggi et al., 1996; Mulligan and Jacks, 1998) . These genes are negative regulators of the transition between the phases G1 and S of the cell cycle and are crucial eectors in embryonic development as well as in dierentiation (Paggi et al., 1996; Sidle et al., 1996) . Their products, pRb, p107 and pRb2/p130, are phosphoproteins that mainly act by modulating the function of several nuclear transcription factors, such as those of the E2F family (Hurford et al., 1997; Nevins, 1998) . Like the other members of the family, Rb2/p130 strongly inhibits the cell cycle in several human tumour cell lines (Paggi et al., 1996) . Its gene product, pRb2/ p130, is upregulated at late dierentiation stages in neuroblastoma cells and its overexpression induces dierentiation in neuroblastoma cells (RaschellaÁ et al., 1998) .
Among the putative binding sites for transcription factors in the 5'¯anking region of the Rb2/p130 gene , there is a palindromic sequence for potential binding of the transcription factor KER1 (Leask et al., 1990) , later identi®ed with AP-2 (Leask et al., 1991) , inducible by retinoic acid and upregulated during neuroectodermal dierentiation (Williams et al., 1988; Luscher et al., 1989; Williams and Tjian, 1991; Philipp et al., 1994) . AP-2 is essential for a correct embryogenesis. Its mutational inactivation in murine models causes severe developmental damage (Schorle et al., 1996; Zhang et al., 1996) . AP-2 is also involved in the cell cycle control (Wu and Lee, 1998) and has been shown to interact both with viral oncoproteins (Mitchell et al., 1987; Somasundaram et al., 1996) and with endogenous regulators, such as c-Myc (Gaubatz et al., 1995) and pRb (Batsche et al., 1998; Wu and Lee, 1998) . AP-2B, an alternatively spliced isoform of AP-2, contains the activation domain and part of the DNA binding domain, but lacks the dimerization domain and acts as a negative regulator of AP-2 (Buettner et al., 1993) .
We thus investigated the hypothesis that Rb2/ p130, through the putative KER1/AP-2 site in its 5'-¯anking region, could act as an eector downstream of the dierentiation program elicited by the transcription factor AP-2 in neuroectodermal cells.
Results
Identification of a minimal promoter region of the Rb2/ p130 gene, and role of the palindromic KER1/AP-2 site The T98G human glioblastoma cells transfected with the series of CAT constructs described under Materials and methods exhibited the CAT activities as shown in Figure 1a . Construct 7201 displayed the highest CAT activity, while a lower activity for 72194 and 7301 constructs might be attributed to the presence of a putative repressor site(s). Remarkably, 7131 and 799 constructs showed a dramatic drop of the CAT activity. Figure 1b shows the nucleotide sequence of the 7201 construct from the 5' end to the translation start. The binding sites for the putative transcription factors are underlined, showing that the site for the transcription factor KER1/AP-2 was destroyed in the 7131 construct. We determined the transcription start site for the 7201 construct by primer extension. Figure  1c shows that the major extension site was found at nt 746 from the ATG codon (see Materials and methods for calculations). These data were strongly consistent with the results independently reported for the minor Figure 1 Characterization of the Rb2/p130 promoter in T98G cells. (a) Five mg of each CAT reporter plasmid (72194,71041, 7454, 7301, 7201, 7131 and 799) were cotransfected with 1 mg of the pCMV-b-gal plasmid into T98G cells. Equal protein amounts of cell extracts, normalised for b-gal activity, were assayed for CAT activity. The crude values were subtracted of the value given by the promoterless CAT construct. The histogram shows the activities of the indicated constructs relative to that of construct 7201 arbitrarily assigned value (100). s.d. is indicated, with a n value=6. (b) Nucleotide sequence of the 7201 construct reported from the 5' end to the Rb2/p130 translation start. Putative transcription factors docking sites are underlined, the transcription start is indicated by an arrow and the translation start is indicated by the ATG codon in bold. (c) Identi®cation of the transcription initiation site of the 7201 CAT construct. Primer extension was performed as indicated in Materials and methods. Size standards are indicated on the right of the panel, while the arrow indicates the major extension product. (d) EMSA using an oligonucleotide reproducing the Rb2/p130 promoter KER1 site and its¯anking regions. The labelled KER1 oligonucleotide, recombinant AP-2, T98G cell extract, anti-AP-2 antibody, non-speci®c antibody, unlabelled KER1 oligonucleotide (100-fold molar excess) or unlabelled KER1
MUT oligonucleotide (100-fold molar excess) were added as indicated extension product of the murine Rb2/p130 promoter (Fajas et al., 2000) . We thus identi®ed the 7201 construct as the one containing the minimal promoter region for the Rb2/p130 gene in this system. To investigate the functional importance of the KER1/AP-2 site present in the Rb2/p130 promoter, we synthesized a 26-mer oligonucleotide reproducing the 10-nucleotide KER1 palindromic site plus thē anking eight nucleotides at its 5' and 3' ends in the Rb2/p130 promoter. As shown in Figure 1d , in EMSA, the radiolabelled oligonucleotide formed a complex with either a recombinant AP-2 protein or with one or more components of the T98G cell lysate. In both cases, an anti-AP-2 antibody produced a supershift of the complex, which was also speci®cally competed o by the same non-labelled wild type oligonucleotide, but not by the mutated one (see Materials and methods). These results proved that the KER1/AP-2 sequence in the Rb2/p130 promoter was an adequate binding site for AP-2. However, a major complex present in T98G cell lysate, not supershifted by the anti-AP-2 antibody, indicated the possible binding of other transcription factors.
Effect of AP-2 overexpression on the CAT activity of the 7201 construct and on Rb2/p130 gene expression
We cotransfected T98G cells with the 7201 CAT construct plus either the plasmid encoding AP-2 or AP-2B or the empty vector. Figure 2a shows the histogram representing the CAT activity after the transfection of each couple of constructs. AP-2 transfection doubled the basal CAT activity, whereas AP-2B produced a slight decrease. Cotransfection of both AP-2 and AP-2B demonstrated that AP-2B overexpression, in agreement with its role of negative regulator, interfered with the stimulation of the promoter by AP-2. We engineered a mutant of the 7201 construct lacking the KER1 palindrome (7201DKER1), which displayed a CAT activity about ®vefold lower. This deletion eliminated also a putative, but not functional (data not shown), Sp1 binding site.
Being AP-2B poorly eective on the basal 7201 CAT activity, we argued that the basal activity of the minimal promoter depended only partially upon AP-2. AP-2B could be able to compete with AP-2 for promoter activation when AP-2 is overexpressed, but could not be able to compete with AP-2 when the latter is complexed with other factors in a stoichiometrically balanced situation.
To investigate the in vivo eect of AP-2 on the Rb2/ p130 expression, we transfected T98G cells with either the AP-2 construct or a control vector. Semi-quantitative RT ± PCR analysis was performed in control-and in AP-2-transfected cells (Figure 2b ). Values in the table below the ®gure indicate that Rb2/p130 transcript was more abundant in AP-2-transfected cells. These data strongly suggested a direct link between the increased AP-2 expression and Rb2/p130 transcription. Western blot analysis showed an increase of both AP-2 and pRb2/p130 in AP-2-transfected T98G cells. HSP70 The CAT construct 7201 (3 mg) was cotransfected with an empty vector or with AP-2 and/or AP-2B expression construct (3 mg) plus 1 mg of the pCMV-b-gal plasmid into T98G cells. In the same set of experiments, the construct 7201DKER1 (3 mg) was also assayed. Equal protein amounts of cell extracts were normalized for b-gal activity and assayed for CAT activity. The crude values were subtracted of the value given by the promoterless CAT construct. The histogram shows the activities of the indicated constructs relative to that of construct 7201 arbitrarily assigned value (100). s.d. is indicated, with a n value=5. (b) Semi-quantitative RT ± PCR for Rb2/p130 and cyclophilin. A control vector or the AP-2 expression construct was transfected into T98G cells. After 48 h, total RNA was puri®ed and RT ± PCR was carried out, stopping the reaction at the indicated number of cycles. The experiment was done twice. In the table below, values of PCR ampli®cation ratio of AP-2 transfected cells/control cells for the indicated cycles, after background (-RNA) subtraction, are shown. (c) Cells were transfected as in b, and after 48 h, Western blot analysis for pRb2/p130, AP-2 or HSP70 was done on cell lysates (40 mg). In the side table, -fold increase values between AP-2 transfected cells and control cells, corrected for HSP70 amounts, are shown Effect of NGF-induced differentiation on Rb2/p130 promoter activity and on endogenous AP-2 and pRb2/p130 levels in PC12 neuroectodermal cells Since both AP-2 and pRb2/p130 proteins are upregulated during dierentiation (Philipp et al., 1994; RaschellaÁ et al., 1997 RaschellaÁ et al., , 1998 Paramio et al., 1998) , we investigated a possible role of AP-2 in the pRb2/p130 upregulation occurring during neural dierentiation.
We employed the PC12 rat pheochromocytoma cell line, which gradually develops the phenotype of sympathetic neurons after at least 7 days of NGF treatment (Greene and Tischler, 1976) . Cells were transfected with some of the CAT constructs employed for T98G cells. The resulting CAT activity is shown in the histogram of Figure 3a . In this cell model, construct 7301 resulted as active as construct 7201, the shortest one containing the KER1/AP-2 site. Cells transfected with the 7201 or the 7201DKER1 CAT reporter constructs, were cultured in growth medium and harvested after 4 days (cycling) or, alternatively, were cultured in dierentiation medium supplemented with NGF (Gervasi et al., 1996) , and harvested after 2 or 4 days. Lysates were then assayed for CAT activity. The 7201 CAT activity increased 1.9-and 2.3-fold after 2 and 4 days of NGF treatment, respectively, as compared to cycling cells. In contrast, the 7201DKER1 CAT construct displayed a very low CAT activity, independently of NGF treatment ( Figure  3b) . Due to the possible decrease of the expression of the transiently transfected constructs, we considered data from early stages of NGF-induced dierentiation (2 and 4 days). Semi-quantitative RT ± PCR analysis of dierentiating PC12 cells showed Rb2/p130 upregulation during these early stages of NGF-induced dierentiation (Figure 3c ). Values in the tables below the ®gure indicate that Rb2/p130 transcript was more abundant in cells induced by NGF to dierentiate. In addition, AP-2 and pRb2/p130 upregulation, measured by Western blot analysis, was also evident (Figure 3d ). Accordingly, EMSA showed that the amount of AP-2 bound to the oligonucleotide containing the KER1/AP-2 site increased at 2 and 4 days after NGF-induced dierentiation. The complex was substantially competed o by the unlabelled KER1 oligonucleotide, but only scarcely by its mutated form (Figure 3e ) A partial discrepancy between the AP-2 upregulation trends seen in Western blotting and in EMSA could be envisaged. Besides the diverse methods of detection, it should be also considered that the data obtained via EMSA should be intended as an estimation of functional dimerized AP-2 bound to the KER1 oligonucleotide.
In vivo effect of AP-2 on Rb2/p130 gene expression in PC12 cells
We transfected PC12 cells with either AP-2 or with a control vector and performed a semi-quantitative RT ± PCR analysis for both Rb2/p130 and p21 WAF1/CIP1 (p21), a gene known to be under AP-2 control (Zeng et al., 1997) (Figure 4a) . Results indicate that both p21 and Rb2/p130 transcripts were more abundant in AP-2-transfected cells. Values in the table below the ®gure indicate that Rb2/p130 and p21 transcripts were more abundant in AP-2-transfected cells. Western blot analysis of the AP-2-transfected PC12 cells showed an increased level of both AP-2 and pRb2/p130, consistent with the RT ± PCR data. As expected, p21 determination was higher in AP-2-transfected cells. When Rb2/p130-transfected PC12 cells were assayed, they showed an increase of pRb2/p130 expression comparable to that found in AP-2-transfected cells, but also an increase of p21 (Figure 4b ). The table aside the Figure indicates the -fold increase of pRb2/p130 and AP-2 after normalization.
AP-2 or Rb2/p130 induced differentiation in PC12 cells PC12 cells were transfected with the expression constructs for AP-2, AP-2B or Rb2/p130, in combination with the b-gal marker plasmid and then cultured in growth medium. Morphological analysis was done 24 h later. It was found that AP-2 and Rb2/p130 PC12 transfectants¯attened, and extended neurites exceeding 2 ± 5-fold the cell body diameter, although no exogenous inducer of dierentiation was present. On the contrary, control and AP2-B transfectants remained round-shaped and did not exhibit any morphological characteristic of neuronal dierentiation ( Figure 5) . Consistent with the commitment to dierentiate, AP-2-and Rb2/p130-transfectants increased the expression of the low m.w. neuro®lament protein (Bennett and DiLullo, 1985) as revealed in Western blotting (data not shown).
To assess the speci®c role of Rb2/p130 in AP-2-induced dierentiation, we cotransfected PC12 cells with AP-2 plus an antisense construct for Rb2/p130 (AS-Rb2/p130). Twenty-four hours post-transfection, we evaluated the induction of morphological dierentiation, scoring cells with neurite outgrowth. The AS-Rb2/p130 expression was found to decrease the number of cells induced to dierentiate by AP-2 (Table  1 , Set 1), thus corroborating the suggestion that Rb2/ p130 played a role in the AP-2-started pathway. Additionally, a second experimental set was done, in which the eect of AP-2B on either AP-2-or Rb2/ p130-induced dierentiation was observed (Table 1, Set 2). AP-2B was able to compete with AP-2-induced dierentiation, conceivably as a consequence of the inhibitory eect exerted on the AP-2 transcriptional activity (see Figure 2a) . On the other hand, AP-2B was substantially inactive in inhibiting Rb2/p130-induced dierentiation.
Discussion
Rb2/p130 is one of the three members of the RB family genes and its role in cell cycle regulation, embryogenesis and dierentiation is well documented (Paggi et al., 1996) . The latter function is mainly attributed to the ability of the Rb2/p130 gene product to form stable complexes with members of the E2F family (Persengiev et al., 1999) . It should also be noted that Rb2/p130 overexpression is intrinsically able to induce dierentiation in neuroblastoma cells (RaschellaÁ et al., 1998) . In addition, terminally dierentiated human tissues, such as nervous system and skeletal muscle, show high expression levels of pRb2/p130 (Baldi et al., 1997) .
AP-2 codes for a transcription factor implicated in embryogenesis (Mitchell et al., 1991; Winning et al., 1991) and in the ectodermal dierentiation program (Fuchs and Byrne, 1994; Philipp et al., 1994) . Exit from cell cycle is a prerequisite for the onset of the dierentiation. One of the mechanisms through which AP-2 acts in blocking the cell cycle is the activation of the p21 promoter (Zeng et al., 1997). p21 is a potent growth and tumour suppressor gene, necessary for blocking the cell cycle and for promoting the dierentiation program as well (el-Deiry et al., 1994) . The p21 gene product acts as a universal cell cycle inhibitor, mainly suppressing the cyclin-dependent kinase activities responsible for the phosphorylation of the RB family gene products (Zeng et al., 1997) , and its expression is increased in growth-arrested, terminally dierentiated cells (Steinman et al., 1994; Macleod et al., 1995; Halevy et al., 1995) . The crude values were subtracted of the value given by the promoterless CAT construct. The histogram shows the activities of the indicated constructs relative to that of construct 71041 arbitrarily assigned value (100) s.d. is indicated, with a n value=3. (b) The 7201 or 7201DKER1 CAT constructs were transfected into PC12 cells and extracts assayed for CAT activity, as described in a, either in cycling cells or in cells treated with NGF for 2 or 4 days. The crude values were subtracted of the value given by the promoterless CAT construct. The histogram shows the activities of the indicated constructs relative to that of construct 7201 in cycling cells arbitrarily assigned value (100). s.d. is indicated, with a n value=3. (c) Semi-quantitative RT ± PCR analysis for Rb2/ p130 in cycling PC12 cells or in cells treated with NGF for 2 or 4 days. Total RNA was puri®ed and RT ± PCR was carried out, stopping the reaction at the indicated number of cycles. The experiment was done twice. In the table below, values of PCR ampli®cation ratio of NGF-stimulated (2 or 4 days) cells/cycling cells for the indicated cycles, after background (-RNA) subtraction, are shown. (d) Western blot analysis for pRb2/p130, AP-2 and HSP70 in cycling PC12 cells or in cells treated with NGF for 2 or 4 days. (e) EMSA using the Rb2/p130 promoter KER1 and its¯anking regions. Labelled KER1 oligonucleotide, equal amounts of protein from cycling or NGF-treated (2 or 4 days) PC12 cell extracts, unlabelled KER1 oligonucleotide (100-fold molar excess) or unlabelled KER1
MUT oligonucleotide (100-fold molar excess) were added as indicated
Our results allowed the de®nition of a minimal promoter region in the Rb2/p130 gene, represented by the 7201 CAT construct. We also demonstrated that the palindromic KER1 site present in this region was eective in binding either a recombinant or the endogenous AP-2 protein, and that AP-2 overexpression upregulated the Rb2/p130 transcription and product level. These data suggest a functional involvement of AP-2 in positively modulating Rb2/p130 gene expression, which is consistent with one of the major roles of AP-2, namely the induction of dierentiation in ectodermal cells.
To clarify the role of the interplay between AP-2 and the Rb2/p130 promoter during the dierentiation process, we chose the PC12 pheochromocytoma cells. In this model, during NGF-induced dierentiation, neurite outgrowth is inhibited by those domains of the viral oncoprotein E1A that bind to and inactivate pRb, pRb2/p130 and p300 (Kalman et al., 1993) , con®rming a relevant role in neural dierentiation program for these regulators. NGF induces p21 and cyclin D1 transcription in PC12 cells (Yan and Zi, 1997), but ectopic p21 overexpression, while causing a permanent cell-cycle arrest, thus accelerating NGF-dependent dierentiation, is not sucient per se to establish a dierentiation program (Van Grunsven et al., 1996; Erhardt and Pittman, 1998) . Our results with PC12 cells showed that NGF treatment increased Rb2-p130 transcription and AP-2 and pRb2/p130 protein levels and that AP-2 or Rb2/p130 overexpression was able per se to induce dierentiation. Although p21 is also a target of AP-2 transcriptional activity, it seems likely that AP-2 acts with a more complex mechanism to activate the dierentiation program, which, at least, includes both the increase of the expression of p21 and that of pRb2/p130. This last one could be involved not only in a synergistic eect with p21 in eliciting the cell cycle withdrawal, but also in inducing the dierentiation process. The importance of Rb2/p130 in PC12 dierentiation has been underlined by the inhibitory eect of AS-Rb2/p130 on AP-2-induced dierentiation. Additionally, the fact that AP-2B overexpression was substantially ineective in inhibiting Rb2/p130-driven dierentiation, puts Rb2/p130 downstream of AP-2 in the cascade of events that induce PC12 cells to dierentiate (Figure 6 ).
Rb2/p130 is speci®cally upregulated during dierentiation also in other cellular systems, such as muscle cells (Kiess et al., 1995; Puri et al., 1998) , adipocytes (Richon et al., 1997) , myeloid cells and regenerating liver (Garriga et al., 1998) , and keratinocytes (Paramio et al., 1998) . Not all these cells might rely on AP-2 in order to elicit Rb2/p130 upregulation. The presence of other putative binding sites for transcription factors in the Rb2/p130 promoter renders it conceivable that other elements could act as positive modulators, playing this role in a tissue-speci®c fashion. 
Materials and methods

Cell lines
Human T98G glioblastoma cell line (Olopade et al., 1992) were grown in D-MEM supplemented with 10% fetal calf serum (Bio-Whittaker). Rat PC12 pheochromocytoma cells were cultured and NGF-treated as described (Greene and Tischler, 1976; Gervasi et al., 1996) . 9610 5 ) were transfected using the procedure based on polyethylenimine (Boussif et al., 1995) ; under these conditions, about 20 ± 25% of cells were transfected. PC12 cells (1610 6 ) were electroporated at 300 V and 500 mF using a Bio-Rad Gene Pulser apparatus connected to a Bio-Rad Pulse Controller unit; under these conditions, about 30 ± 35% of cells were transfected.
Transfections
T98G cells (
cDNA constructs and CAT assays
The DNA fragment containing the region from 72194 to +132 with respect to the starting codon of the Rb2/p130 gene as well as six 5' deletion mutants (71041; 7454; 7301; 7201; 7131; 799) were cloned into the pSV0t2-CAT vector (Di Fiore et al., 1999) between the HindIII and XbaI sites. Constructs were named according to the nucleotide number prior to the translation start codon. The 7201DKER1 construct was a deletion mutant of the 7201 construct, in which the 10-nucleotide palindrome referred to as the KER1 site (GCCTGCAGGC) was deleted. AP-2, and AP-2B cDNAs were cloned in the pSG5 vector (Stratagene), while Rb2/p130 and antisense (AS) Rb2/p130 cDNAs were cloned in the pCDNA3 vector (Invitrogen) as described (Buettner et al., 1993; Claudio et al., 1994) . The corresponding empty vectors were used as controls.
CAT constructs were individually transfected into T98G and PC12 cells, and equal amounts of protein from cell extracts were assayed for CAT activity as described (Martelli et al., 1994) . As an internal control of transfection eciency, a CMV-driven b-galactosidase (b-gal) expression plasmid (Clontech) was cotransfected with each construct and protein amounts were further ®ne-tuned accordingly. At least three DNA preparations for each transfection experiment were used and the data points were averaged from at least three separate experiments. Cells were also transfected with a promoterless CAT plasmid, as a negative control.
Primer extension
Total cellular RNA from T98G cell transiently transfected with the 7201 CAT construct was isolated using standard methods. For primer extension, 7 pmoles of the oligonucleotide 5'-GGGATATATCAACGGTGGTATATCCAGTGA-3' (complementary to a sequence of the CAT gene located, in the 7201 CAT construct, 223 base pairs downstream of the ATG codon of the Rb2/p130 gene) was end-labelled with g-32 P-ATP and hybridized with 50 mg of total cellular RNA at 658C for 90 min. The primer-annealed RNA was converted into cDNA by the MMV reverse transcriptase (Clontech) in the presence of 5 mM deoxynucleotides at 428C for 1 h. The cDNA product was then analysed on a 8% sequencing gel containing 8 M urea, alongside a DNA ladder.
EMSA
Total cell lysates and EMSAs were done as described (RaschellaÁ et al., 1997) , using 200 pg of 32 P-labelled double stranded oligonucleotide spanning either the KER1 site in the Rb2/p130 promoter (CTACGGGTGCCTGCAGGCGGT-CAGCG) or the KER1
MUT sequence (CTACGGGTGAATG-CAGGCGGTCAGCG), in which the KER1 site was mutated at the underlined positions. Incubation was carried out for 20 min on ice. When required, either a non-speci®c rabbit antibody or an anti-AP-2 speci®c rabbit polyclonal antibody (sc-184X, Santa Cruz Biotechnology) was added. Recombinant human AP-2 and Sp1 proteins were purchased from Promega.
Semi-quantitative RT ± PCR
Total cellular RNA was isolated and reverse-transcribed using standard methods. cDNAs were subjected to increasing numbers of PCR cycles, as indicated, including the ®rst denaturation cycle at 948C for 4 min: denaturation at 948C for 30 s, primer annealing for 30 s and extension at 728C for Figure 6 Rb2/p130 is an Eector Downstream of the AP-2 dierentiation program in PC12 cells. The scheme recapitulates the role of the AP-2 transcription factor in controlling PC12 cell dierentiation. From our results, AP-2 induces cell dierentiation also by stimulating transcription and translation of Rb2/p130, a gene able per se to bring PC12 cells to dierentiate. The cascade of the events from AP-2 to Rb2/p130 originates from the eect of the overexpression of AP-2B, a negative regulator of AP-2 transcriptional activity, which inhibits AP-2-, but not Rb2/p130-elicited dierentiation. p21, another gene controlled by AP-2, dramatically stops PC12 cell replication, but is insucient for the induction of dierentiation (see Discussion). The role of Rb2/p130 in this pathway is outlined by the inhibitory eect of an antisense Rb2/p130 construct (AS-Rb2/p130) on cell dierentiation 1 min. Ampli®cation products (20 ml) were analysed by electrophoresis on a 1% agarose gel stained with ethidium bromide. Primers and annealing temperatures used were: human cyclophilin (sense TGGTCAACCCCACCGTGTT in exon 1, antisense CCAGTGCCATTATGGCGTG in exon 4, T A =568C); human Rb2/p130 (sense TGTCACAC-CAGTTCCTGGAC in exon 15, antisense GCAAAG-TTGTTCCTGTCACC in exon 16, T A =558C); rat cyclophilin (sense TGGTCAACCCCACCGTGTT, antisense TGC-CATCCAGCCATTCAGT, T A =568C), rat Rb2/p130 (sense TGTCACACCAGTTCCTGGAC, antisense GCAAAG-TTGTTCCTGTCACC, T A =558C); rat p21 (sense CTT-TGACTTCGCCACTGAGA, antisense AGAGTGCAAGA-CAGCGACAA both in exon 2, T A =598C). Quanti®cation was computed using the software ImageQuant 5.0 (Molecular Dynamics). Data were corrected for background (-RNA).
Western blotting T98G and PC12 cell lysis, SDS ± PAGE and protein transfer to a polyvinyldi¯uorene membrane were done as previously described . AP-2 was detected, after 10% SDS ± PAGE, using a rabbit polyclonal antibody (sc-184, Santa Cruz Biotechnology). HSP70 was detected using a mouse monoclonal antibody (HSP01, Oncogene Science). pRb2/p130 was detected, after 6.5% SDS ± PAGE, using a rabbit polyclonal antibody (Pertile et al., 1995) . p21 was detected, after 12% SDS ± PAGE, using a mouse monoclonal antibody (15091A, Pharmingen).
Abbreviations CAT, chloramphenicol acetyltransferase; EMSA, electrophoretic mobility shift assay; SDS ± PAGE, polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulphate; S.D., Standard Deviation.
